The megaloblastic anxmias-a term we owe to Professor Davidsonare those in which the bone-marrow shows the characteristic perversion of megaloblastic hyperplasia. This is not always so clear cut as in the classical pernicious anxmia, but is sometimes combined with normoblastic proliferation to give a mixed or, what Trowell (1943) has called, a "dimorphic" picture. An occasional megaloblast-like cell, such as is seen in leuko-erythroblastic anaemia and di Guglielmo's disease, does not qualify an antmia for inclusion in this group. Defined in this fashion, the following varieties of megaloblastic antmia may be recognized (Table I) . TABLE I.-THE MEGALOBLASTIC AN&MiAS 1. Addisonian pernicious anxemia 2. Pernicious anvmia of D. latum infestation 3. Megaloblastic anemia of total gastrectomy and other gastric operations 4. Nutritional (tropical) megaloblastic anemia 5.
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[May 23, 1950] DISCUSSION ON THE PATHOGENESIS AND TREATMENT OF THE MEGALOBLASTIC ANAEMIAS Dr. R. Bodley Scott: The megaloblastic anxmias-a term we owe to Professor Davidsonare those in which the bone-marrow shows the characteristic perversion of megaloblastic hyperplasia. This is not always so clear cut as in the classical pernicious anxmia, but is sometimes combined with normoblastic proliferation to give a mixed or, what Trowell (1943) has called, a "dimorphic" picture. An occasional megaloblast-like cell, such as is seen in leuko-erythroblastic anaemia and di Guglielmo's disease, does not qualify an antmia for inclusion in this group. Defined in this fashion, the following varieties of megaloblastic antmia may be recognized (Table I) . Pernicious anvmia of D. latum infestation 3. Megaloblastic anemia of total gastrectomy and other gastric operations 4. Nutritional (tropical) megaloblastic anemia 5. Megaloblastic anvmia of sprue and other steatorrhoeas 6. Megaloblastic anemia of intestinal stricture and resection 7. Megaloblastic anaemia of pregnancy and the puerperium 8. Megaloblastic anxemia of infants 9. Achrestic anemia In these anmmias the logical order has been reversed, for each accretion to our knowledge of their cause has sprung from a therapeutic advance; the process began in 1926 when Minot and Murphy showed that patients with pernicious anemia recovered if given a diet containing half a pound of liver a day. The original impetus had been provided by Whipple and Robscheit-Robbins' demonstration (1925) that liver had a peculiar efficacy in causing regeneration of haemoglobin in the experimental post-haemorrhagic anaemia of dogs. The non sequitur, later apparent in Minot and Murphy's reasoning, in no way detracts from the far-reaching importance of their discovery. Their observations changed the course of haematology, replacing the sterile contemplation of cellular detail by a dynamic approach to the problems of ttiology. Within four years Castle (1929a, b) had shown that a mixture of beef protein and normal gastric juice, given orally, would induce remission in pernicious anemia, while alone neither was effective. On these facts, which have been confirmed many times, was built the hypothesis generally accepted until a few years ago.
Castle suggested that two principles were essential for healthy blood formation: one, the extrinsic factor, was normally present in the diet; the other, the intrinsic factor, was secreted by the gastric mucosa. An interaction between these two took place in the alimentary tract and its product, the liver principle, was absorbed from the bowel and stored in the liver. The several megaloblastic anemias could all be explained on this basis: in Addisonian pernicious anemia, gastric secretory failure was responsible for deficiency of intrinsic factor; in nutritional megaloblastic anamia, the diet was lacking in extrinsic factor; defective absorption from the alimentary tract would account for most of the remainder.
In the next few years the nature of these factors was the subject of energetic inquiry. Intrinsic factor was found to be secreted by the gastric mucosa of most carnivora, but not herbivora. The site of its secretion was proved to vary with the species: in the pig it was the pyloric region, in man the fundus and cardia. The factor was thermolabile, being rapidly inactivated by a temperature of 600 C. Wilkinson (1949) , to whom we owe much of our knowledge of this substance which he has called "haemopoietin", found that when concentrates were incubated with beef protein the resulting product was actively hxmopoietic after prolonged heating to 60°C. It was concluded that the intrinsic factor was an enzyme, most active within the pH range 7-4-7-7 (Taylor et al., 1938) . Its relation to apoerythein is discussed later.
Extrinsic factor activity was found in a wide range of substances including beef muscle, milk, eggs, rice polishings, yeast, wheat germ, and liver. It was thought to be an unidentified thermostable component of the vitamin-B complex (Castle et al., 1944) .
The first blow to Castle's unitarian hypothesis was the demonstration by Wills in 1938 that, in her patients with nutritional megaloblastic anaemia, Marmite would induce remission while refined liver extract, known to be potent in pernicious anemia, was ineffective. This could only mean that some factor, other than the liver principle, was required. During the next few years it became apparent that several varieties of megaloblastic anemia responded DEC.-MED. 1 poorly, or not at all, to refined liver extract of proven potency in pernicious anaemia. These Davidson (1948) termed "refractory" and he, amongst others, showed that many of them recovered when treated with proteolysed or whole liver by mouth. These observations again were impossible to explain without postulating an additional factor.
In 1946, Angier and others synthesized folic or pteroylglutamic acid. The story of this substance has often been told (Welch, 1947; Wilkinson, 1948) : Lactobacillus casei and Streptococcus lactis R had both been found to need for their growth a factor present in yeast, liver extract, and spinach leaves. This had come to be known as folic acid. It later became clear that many "folic acids" existed, some of B which,were equipotent for both orgarisms, while others were active only for Str. lactis R unless first subjected to enzymic digestion. Angier's work showed that the essential growth-promoting substance was the crystalline L. casei factor of liver, which he proved to be pteroylglutamic acid and was later able to synthesize. Other, naturally occurring, folic acids were conjugates of pteroylglutamic acid with varying numbers of molecules of glutamic acid. These conjugates only acquired full growth-promoting activity when broken down to the parent substance by enzymes spoken of as conjugases.
Pteroylglutamic acid was soon shown to be identical with the factors, previously known as Vitamins B, and M, curative of nutritional macrocytic anemia respectively in chicks and monkeys (Pfiffner et al., 1943 ; Wilson, Saslaw and Doan, 1946) . It was but a short step to employ this substance in human megaloblastic anaemia, and there have been many reports of its action in t-he pastfour years. It-will correct'the megaloblastic hyperplasia of the bonemarrow in all the anemias of this group. It will not, however, prevent the onset of neural degeneration in pernicious anemia, in fact it often seems to occasion its explosive appearance. Its use has even been followed by this complication in other megaloblastic anxmias in which disease of the nervous system is usually of great rarity (Meyer, 1948) . Nervous degeneration does not occur when it is given concurrently with liver extract, nor is it seen when pteroylglutamic acid is given to patients with hypochromic anxemia for periods as long as two years (Harvey, Howard and Murphy, 1950) . It will not control the glossitis of pernicious anemia and, after a period, it may fail to maintain normal blood levels in patients with this disease. Occasional examples of perniciousanemia have proved refractory to pteroylglutamic acid (Hansen-Pruss, 1947; Mollin, 1948) .
These observations led to the hypothesis that pteroylglutamic acid was the ultimate principle essential for the preservation of normoblastic erythropoiesis (Davidson, 1949) . It was clearly not the extrinsic factor, for it was active orally in the absence of gastric juice; it was not the liver principle itself because, even before the isolation of vitamin B12, it had been shown that liver extracts, virtually free of pteroylglutamic acid, were active in pernicious anaemia. It was postulated that a defect of conjugase activity was the underlying fault.
The diet normally contains a mixture of conjugates, but no free pteroylglutamic acid. The patient with pernicious anemia, it was suggested, had -lost the power to deconjugate these substances and was thus deprived of pteroylglutamic acid in an available form. Liver extract, it was thought, increased conjugase activity and brought about the liberation of normal amounts of free pteroylglutamic acid. Experiments to prove this contention have been unsatisfactory.-Although full remission has been recorded after injection of large doses (Wilkinson and Israels, 1949) , in general it is true that the response of pernicious anremia to oral or parenteral administration of conjugates is less satisfactory than to an equivalent amount of pteroylglutamic acid. However, the same is true of the other megaloblastic anaemias. There is no evidence that liver extract stimulates conjugase activity and this hypothesis can no longer be seriously entertained.
The observation that thymine could replace pteroylglutamic acid as a bacterial growth factor led to its use in megaloblastic anaemia (Spies et al., 1946) ; in doses of 6-10 grammes daily it has been shown to procure remission, although, like pteroylglutamic acid, it will not control glossitis or neural change. It has been suggested that pteroylglutamic acid is an enzyme concerned in the synthesis of thymine or related compounds. Since the pulblication of Minot and Murphy's paper in 1926, continuous attempts to isolate and identify the substances in liver, possessing anti-anemic properties, have been in progress. Success was achieved in April 1948 when a team working at Merck's Laboratories in the United States (Rickes, Brink, Koniuszy, Wood and Folkers, 1948a) and Lester Smith of Glaxo Laboratories in this country (1948a) published, within a week of each other, reports that they had isolated a red crystalline pigmnent from liver, actively.haemopoietic in minute doses. This substance, now known as vitamin B12, has been shown to have a molecular weight of about 1,500 and to contain one atom of cobalt and one of phosphorus (Smith, 1948b (Smith, , 1949 Rickes etal., 1948b) .
For their isolation the American group made use of a growth-factor method. Shorb (1947) had found that the growth requirements of L. lactis Dorner included a factor in liver extract, and that the concentration required bore a linear relationship to the anti-anaemic 954 potency of the extract in question. Her suggestion that the unknown factor was the liver principle itself provided the Merck team with a simple means of assay. Lester Smith employed the more tedious methods of partition chromatography and clinical trial of each fraction. His chromatographic analysis of liver extract has yielded, as well as vitamin B12, two other red pigments effective in pernicious anamia. One of these, vitamin B12b, has been isolated in crystalline form (Pierce, Page, Stokstad and Jukes, 1949) ; the label B12a has been reserved for an artificial hydrogenation product of vitamin B12 (Kaczka, Wolf and Folkers, 1949) . Vitamin B12 has proved fully effective in pernicious anemia; its administration is followed by repair of anxemia, healing of mucosal lesions, and arrest or improvement of the neural degferation. Thevestlits in other forms oftmegaloblastic anxmia are less clear cut.
Evidence has accumulated that substances with a vitamin B12 activity are as widely distributed in nature as the folic acids. Various growth factors for chicks and rats, known as factor X, cow-dung factor, animal protein factor, and zoopherin can all be replaced by vitamin B12 (Ott, Rickes and Wood, 1948; Nichol, Dietrich, Cravens and Elvehjem, 1949) ; and some of these substances have proved to have hemopoietic activity (Spies et al., 1949) . A red pigment is elaborated during the growth of Streptomyces griseus in fluid media; this has been isolated in crystalline form and appears to have all the properties, and to be identical with vitamin B12 derived from liver (Rickes et al., 1948c) . This product is now marketed and has proved fully effective in the treatment of pernicious anemia. Streptomyces aureofaciens produces a like substance with vitamin B12 activity in the same dosage as that of griseus, but with a different absorption spectrum (Lichtman et al., 1949) . It is uncertain whether these are conjugates of vitamin B12 or closely-related chenical modifications of it.
Vitamin B12, even in massive doses, is ineffective when given by mouth to patients with pernicious anamia unless accompanied by normal gastric juice (Eerk et al., 1948; Hall, Morgan and Campbell, 1949) . The simultaneous administration of 5 ,ag and 50 ml. of normal gastric juice has a hamopoietic effect equivalent to about 10 ,ug of the vitamin given parenterally (Ungley, 1950) . Extract of hog's stomach or duodenum, itself without anti-anemic activity, can effectively replace human gastric juice in this experiment . On these grounds, it seems probable that the functions of vitamin B12 are those of Castle's extrinsic factor. The role of the intrinsic factor appears to be the potentiation of the vitamin's absorption from the alimentary tract . There is some evidence that an actual combination of the two factors takes place, for a mixture of gastric juice and vitamin B12 is more heat-stable than the factor in gastric juice alone . A substance has recently been isolated from human gastric juice which combined quantitatively with vitamin B12, depriving it of its ability to promote bacterial growth. This product, which has been named "apoerythein", resembles, in its physical properties, Castle's intrinsic factor and -Wilkinson's heemopoietin - (Ternberg and Eakin, 1949) .
The probability of bacterial synthesis of vitamin B12 in the lower reaches of the alimentary tract in man and animals has been demonstrated (Dyke, Hind, Riding and Shaw, 1950) . It is uncertain whether this is the method by which normal requirements are met or whether it is another instance of the prodigality of 'Nature.
The mode of action of vitamin B12 is unknown. Its relation to thymidine, or thymine desoxyriboside, presents a parallel to that of pteroylglutamic acid and thymine. Thymidine can replace the vitamin as a growth factor for many, but not all, bacteria (Shive, Ravel and Eakin, 1948) . It has been suggested that vitamin B12 is an enzyme concerned in the conversion of thymine to thymidine (Wright, Skeggs and Huff, 1948) . However, there is no evidence that thymidine plays a part in hamopoiesis; in doses up to 150 mg. it has not procured remission in pernicious anaemia (Iingley, 1949; Reisner and West, 1949; Ten Berg et al., 1949) .
Factual knowledge has accumulated so rapidly in the last five years that understanding has been left far behind. The difficulty of weaving these facts into a plausible successor to Castle's hypothesis is obvious. A little help is given by tabulating the effects of vitamin B12 and pteroylglutamic acid in the various megaloblastic anemias (see Table Il ). The table shows that Addisonian pernicious anemia differs from most of the other members of the group in being completely relieved by vitamin B12 and refined liver extract, while pteroylglutamic acid confers but variable and partial benefit. It is reasonable to class the megaloblastic anaemia of total gastrectomy with it, and there is evidence that the presence of the broad tapeworm impedes the interaction of Castle's two factors in the alimentary tract (voh BOnsdorff, 1948) . In these three, therefore, there is a disturbance of the intrinsicextrinsic factor mechanism. Revising our vocabulary by substituting vitamin B12 for extrinsic, and apoerythein for intrinsic, factor, the stubborn facts of Castle's original experiment can be made to explain the conditioned deficiency of vitamin B12 in these three anemias.
In the remainder, pteroylglutamic acid is usually fully effective and the action of vitamin B12 variable; there is no proven disturbance of the intrinsic-extrinsic factor machinery.
The relationship between these two categories of megaloblastic anemia, if in fact one exists, has yet to be elucidated. In many instances some effect is obtained with either drug; For the moment the therapeutic implications seem definite: in pernicious anlemia treatment should be with vitamin B12 or liver extract; in the second group the indication is for pteroylglutamic acid. esting to see how two main theories on the pathogenesis of the megaloblastic anzemias have held the field, supplanting one another in turn; recent work suggests that we may still derive something from both the theories.
The earliest observers (Fenwick, 1870) noticed the gastric atrophy and lack of gastric secretion present in pernicious anemia and made the natural assumption that the disease arose from an inadequate absorption of food, a view not very different from that which most people hold to-day. -Within a few years, however, some evidence of hemolysis was noticed in the disease, and this did not appear to be compatible with the earlier theory. ft was well known then, though often overlooked now, that gastro-intestinal symptoms are common in pernicious anamia. This gave rise to the toxic and hemolytic theory of the disease for it was thought that achlorhydria predisposed the patient to infection of the small intestine and that the pathological phenomena of pernicious anemia were due to toxins formed by intestinal organisms. When no specific treatment was available fluctuations and remissions in the course of the disease were commonly observed, and these could easily be accounted for by the vagaries of the population of intestinal bacteria. This theory is worth particular notice for, in a sense, it has recently been brought forward again, though now the bacteria are postulated as acting in a very different way.
The discovery of liver treatment brought back the older view. It was an obvious assumption that some factor in liver was necessary to normal hematopoiesis, and that this factor was lacking in patients with pernicious anaemia. Castle's remarkable series of observations seemed to show how this deficiency came about and had the advantage that megaloblastic anemias other than pernicious anaemia could be explained by assuming interruptions at various points in the chain of events leading to the utilization of the anti-anemic principle. The facts of Castle's experiments have never been in doubt, and indeed have recently received fresh confirmation by recent work on the potentiation of vitamin B12 by gastric juice, but their interpretation gradually became less clear than seemed at first apparent. The idea of pernicious anemia as simply a deficiency disease tended to overlook some of its features such as its remittent character and the evidence of hzemolysis. Moreover the failure of animal experiments based on Castle's hypothesis was not easily explained. On this hypothesis experimental resection of the stomach should have produced pernicious anemia. This was a reasonable assumption as it has been shown that livers from a wide range of animal species contain the anti-anxmic principle. The failure could not be explained by assuming that intrinsic factor was formed elsewhere than in the stomach, for very extensive gastro-intestinal resections were equally unsuccessful. Similarly it should have been possible to produce pernicious anaemia by withholding extrinsic factor from the diet, but experiments of this kind were generally unconvincing. It was not until some recent work with pigs (Heinle et al., 1947; Cartwright et al., 1949 ) that a macrocytic anemia has been produced in experimental animals with any regularity by dietary means, and then not merely with a synthetic diet but by adding to it sulphonamide and a folic acid antagonist, and this can hardly bear a close relation to any natural disease. Because of these discrepancies there was, in some quarters, a revival of interest in the older toxic theory.
The next great advance was the isolation of folic acid and the demonstration of its remarkable range of action in the megaloblastic anemias. It was soon apparent that folic acid was not the long-sought liver principle but it did seem possible that it might be the final agent by which liver acted on the bone-marrow. It was at first thought that liver principle. might liberate free folic acid from the conjugated forms in which it is mostly present in food and permit its absorption or utilization, but this attractive theory has not withstood close examination and is not now widely accepted. It has been shown that persons with pernicious anemia are as well able as normal subjects to utilize conjugated folic acids, provided that the conjugated acids are not accompanied by an excess of the naturally occurring inhibitors of the splitting reaction.
This brief review of th'eories on the pathogenesis of the megaloblastic anemias is almost up to date, for, in the last year or so, new observations seem to have outrun the powers of theoreticians on this subject. The isolation of the pure haematopoietic principle from liver, now called vitamin B12, is of great interest but the mere fact of its discovery has not really advanced knowledge of the basic processes by which the megaloblastic anmmias are produced. It'is now nec'essvary to' consider'"what are'thesebasic-processes, 'atd whAt bvideftce there is, old or new, which may help to elucidate them.
THE NATURE OF THE PROBLEM There is a group of diseases-true pernicious anemia, the pernicious anaemia of pregnancy, nutritional macrocytic anemia, the steatorrheeas, fish tapeworm anemia and the macrocytic anemia occasionally associated with gross surgical disease of the intestine-in which, though there are many points of difference, yet the appearance of the bone-marrow may be the same in them all. It will not do simply to say that they are different diseases; so they are, but it is necessary to know for each one the mechanism by which a megaloblastic bonemarrow reaction is produced, and any hypothesis on the pathogenesis of the megaloblastic anmmias should be capable of extension to cover all of them. It may be helpful to break the problem down into two parts; firstly what may be called the metabolic lesion directly responsible for the megaloblastic reaction in the marrow, and secondly the pathological changes, whether they be anatomical, physiological, bacteriological or even dietary, which provide the conditions for the metabolic lesion.
THE METABOLIC LESION It is in relation to what, for want of a better term, the present writer has called the metabolic lesion that one might expect to find similarities between the several diseases already mentioned but at the outset there is the puzzling fact that they have differing responses to vitamin B12. There is evidence on this aspect of the problem from several different sources.
Firstly there are the different therapeutic actions of folic acid and vitamin B12. In view of the wide range of action of folic acid it is tempting to suppose that its action is at a later stage than that of vitamin B12, and may well be directly on the marrow cells. The fact that vitamin B12 will prevent nervous lesions whereas it seems that folic acid will not, also points to an earlier action of vitamin B12. Another pointer to a wider action of vitamin B12 is that it has been found to be a growth factor for the young of several species, and we know it to benefit glossitis.
Secondly some indirect evidence has been provided on the actions 'of folic' acid and vitamin B12 by microbiological experiments in which these two substances are replaceable by thymine and thymidine respectively. Thymine, in large doses, has been shown to be effective in some macrocytic anemias, and the same has been claimed for thymidine by one author (Hausmann, 1949) , though others have had negative results. Finally an obvious way to's'tudy'the action of hematopoietic substances is to determine their effects on cultures of marrow cells, the technical difficulties involved in this method have prevented its extensive use, but in 1948 a group of workers (Rusznyak, et al., 1948) reported that while folic acid had a maturing effect on erythroblasts in culture, serum from patients with pernicious anaemia had an inhibiting effect. Lajtha (1950) has since reported that vitamin B12 does not have the same effect as folic acid, and that serum from patients with pernicious aneemia will produce megaloblasts from normal marrow cells.
There is evidently, as yet, insufficient information from which to deduce just what is happening in the marrow. Hypotheses have been constructed which relate folic acid and vitamin B12 to the synthesis of nucleic acids but they are still speculative and do not fit overwell with the observed clinical facts of the disease. On the other hand if the observations on marrow cultures can be confirmed they will be difficult to explain on the assumption that pernicious anemia is simply a deficiency disease. They are reminiscent of the theory put forward before the war that liver extract might act by neutralizing or preventing the absorption of some toxic agent formed in the bowel. It is improbable that we can discount folic acid from consideration, as some recent writers have done, for it is not unlikely that, if pernicious anemia is a deficiency disease at all, it is ultimately a deficiency of folic acid.
THE PATHOLOGICAL LESIoNs
It is in relation to the grosser lesions permitting the histological end-result which can be recognized as megaloblastosis that we have been most guilty, both of neglecting the older observations and of insufficiently studying the diseases themselves. To consider further this aspect of the problem it will be simplest to state a hypothesis and then endeavour to justify and expand it. It is not the present writer's belief that the development of pernicious ella n (Z 958 anamia is conditioned solely by the loss of the specific gastric secretion that we know as the intrinsic factor. If this is so some other conditioning agency must be sought which, after preliminary loss of the intrinsic factor, brings about the disease. It is suggested that we must look for this second change in. the small intestipe, and there is some evidence that this change may be bacteriological. This being so the mode of action may simply be a toxic process, as in the old view, or it may be in accord with the modern idea that the intestinal bacteria may compete with the host for essential food substances. It may be that both play a part.
It was said earlier that the loss of the intrinsic factor may not be the only element determining the onset of pernicious anemia and there is some evidence for this statement. The results 6of a'nimal experiments designed to prodduce pernicious anixmia by gdsttectomy "can"not be disregarded. Of course one cannot always argue from animal experiments to the human case but there is confirmation of this view from the results of human gastrectomy, after which pernicious anemia-by no means invariably follows, and is always considerably delayed. We know also that it is possible to have a megaloblastic anxmia despite the presence of intrinsic factor in the gastric juice. This has been shown to be the case in occasional examples of the various megaloblastic diseases other than pernicious animia. The rather facile explanations which have been advanced to explain this, such as interference with the combination of intrinsic and extrinsic factors or with absorption of their product, are not very convincing. In view of all this it is surprising that there appears to be no extensive enquiry on this point. It is true that Castle did report that intrinsic factor was present in the gastric juice of 4 patients with achlorhydria and without pernicious anxmia but no extensive investigation has been made. Certainly Barnett (1932) reported that intrinsic factor was lacking in the gastric juice of 2 patients with achlorhydria who did not have pernicious anemia, and three years later they still had not developed the disease (Bloomfield and Pollard, 1935) . There is a case for more investigation on this point; it would be of interest to examine and follow up the relations of persons with pernicious anemia.
A FURTHER FACTOR IN THE PATHOGENESIS
If it is possible for a subject to have a deficiency of intrinsic factor, for a time at least, without necessarily developing pernicious anaemia, we must look for a further factor in the etiology of the disease. One way of doing this is to look more closely at the several diseases in which a megaloblastic marrow may be a feature and try to find a common factor between them. There are many points of difference but there is at least one point in common. In all of them there is usually some evidence of intestinal disorder. This may be conspicuous, as in the steatorrhceas, or relatively inconspicuous as in pernicious anxmia or nutritional macrocytic anemia, but it is commonly there. Other than this these diseases have remarkably little in common. It is not simply a question of steatorrhcea although this may be present in several of these diseases, for patients with, pernicious anmmia have been shown not to have steatorrheea, and it may be present or absent in some of the others. In the absence of any characteristic pathological finding it is tempting to wonder whether the hypothetical change can be related to the bacterial flora of the bowel, as used to be thought by the advocates of the toxic haemolytic theory, and, in fact, recent work has again drawn our attention to the flora of the bowel.
Other than by dietary means macrocytic animia has been produced in animiials only by forming strictures or diverticula in the small intestine, or by forming a gastro-colic fistula.
All these procedures are accompanied by infection of the small intestine; its normally scanty flora become abundant and of the type usually associated with the colon. Frazer (1949) has discussed the question of intestinal infection in relation to the vitamin deficiencies and haematological changes of sprue. He and his colleagues have shown that in sprue there is heavy infection of the small intestine with organisms of the colon, the infection being greatest when achlorhydria is present. They suggest that the B-vitamin deficiencies present in sprue arise from competition with the host by the abnormal flora. There is evidence to show that intestinal bacteria require and, if necessary, synthesize most of these vitamins. Ordinarily these organisms are confined to the large bowel and do not compete with normal absorption. The fact that patients retained fairly constant defects of fat absorption over long periods despite exacerbations of intestinal symptoms accompanied by evidence of vitamin deficiency, and that they were cured without alteration of the fat defect, suggests that the deficiencies are not directly related to the fat defect. We are particularly interested in vitamin B12 but here the evidence for intestinal synthesis is incomplete, although we know it is needed by some intestinal organisms. It has been shown that patients with pernicious animia excrete appreciable amounts of this vitamin in the fieces, the amounts being of the same order as in the stools of normal persons. Extracts prepared from faeces, normal and pernicious, are active clinically and there is no doubt that the active material is vitamin B12 Callender et al., 1949; Spray, 1950 ). It has not so far been possible to determine whether the amount of vitamin B12 in the feeces may exceed that taken in the diet but it seems quite possible that this will prove to be the case.
Some animal work carried out by the present writer and his colleagues also suggests that bacterial infection rather than steatorrhoea per se brings about vitamin deficiencies. A macrocytic anaemia can be produced in rats by formirg diverticula in the small intestine (Cameron et al., 1949) and in these rats there is no histological change in the gastro-intestinal tract. Fat absorption studies were made on these rats and the results (Aitken et al., 1950) show that although most of the rats did. have some steatorrheea, whether or not anemia had developed, yet there were undoubtedly some anmmic rats without any fat defect. On the other hand all operated rats which were examined bacteriologically had a heavy infection of the small intestine with colonic flora. This suggests, though it does not prove, that bacterial infection is responsible for the anmmia; there is no indication that competition rather than a toxic action is concerned. CONCLUSIONS It is probable that the pathogenesis of pernicious anmmia is not simply a conditioned deficiency through loss of the intrinsic factor; there is likely to be at least one other element in the pathogenesis. There is some reason to think that this second element may be found in the small intestine. It is true that much of the argument is derived from conditions other than pernicious anxmia itself, but these are conditions in which a megaloblastic marrow is found and they must be accounted for. It may be thought outmoded in these days to invoke the intestinal bacteria at all, but there are some interesting parallels in other fields. For example it has been shown (Roine and Elvehjem, 1950 ) that guinea-pigs kept on a synthetic diet will not attain optimum growth unless given certain supplements, of no food value, which greatly increase the numbers of intestinal bacteria. Another pointer is the work on cobalt deficiency in ruminants (Gall et al., 1949) ; cobalt-deficient sheep can be cured by feeding cobalt but not by injecting it and the cobalt-fed sheep have twice as many bacteria in the rumen contents as deficient animals. Abelson and Darby (1949) have taken this work further, using radio-active material, and shown that dietary cobalt may actually be incorporated into vitamin B12. These are species other than man but it may be pertinent to remember some work of Davidson's (1928) which demonstrated very clearly the considerable changes of intestinal flora which occur in pernicious anaemia, and from which it seemed that if intestinal intoxication played a part in any disease it was in pernicious anemia.
There is insufficient information to make any definite statement on the mode of action of vitamin B12, but perhaps some speculation on the intrinsic factor is excusable. Intrinsic factor is associated with the upper end of the gastro-intestinal tract and the presence of an abundant flora with the lower end. This may mean that intrinsic factor has an antiseptic action in the sense that it prevents intestinal organisms from claiming the available vitamin B12. Some recent work, not yet confirmed, may support this concept for it has been shown (Meyer et al., 1950) that there are some similarities between intrinsic factor and lysozyme and it is claimed that vitamin B12 combines with lysozyme to form a complex unavailable to E. coli and L. lactis Dorner but which will cure pernicious anxmia in small doses. Complexes of vitamin B12 with this behaviour have been reported by other observers also. Gastric atrophy is another feature of pernicious anmemia on which there has been little speculation and one wonders whether, in view of the mucosal changes seen elsewhere which are attributed to vitamin deficiency, the gastric changes themselves are in part the result of a deficiency, so forming a kind of vicious circle leading to pernicious anemia.
